
c- 

NASA Contractor Report 4303 

Data Quality Analysis at the 
National Transonic Facility 

Pamela N. Stewart 

CONTRACT NASl-18304 
JULY I990 



NASA Contractor Report 4303 

Data Quality Analysis at the 
National Transonic Facility 

Pamela N. Stewart 
Wyle Laboratories 
Ha mp ton, Virginia 

Prepared for 
Langley Research Center 
under Contract NASl-18304 

N=lti~na! Aernnantics 2nd 
Space Administration 

Off ice of Management 
Scientific and Technica, 
Information Division 

1990 



DATA QUALITY ANALYSIS 

AT THE NATIONAL TRANSONIC FACILITY 

by Pamela N.  S t e w a r t  

Summary 

The d a t a  q u a l i t y  a n a l y s i s  program was developed t o  s a t i s f y  t h e  need 

f o r  a computer d r i v e n  s y s t e m a t i c  ana lys i s  of d a t a  t a k e n  d u r i n g  

c a l i b r a t i o n s  of t h e  h i g h  speed  d i g i t a l  d a t a  a c q u i s i t i o n  system a t  t h e  

N a t i o n a l  T ranson ic  F a c i l i t y  (NTF). The end r e s u l t  of t h e  d a t a  q u a l i t y  

a n a l y s i s  program i s  a comprehensive r e p o r t  which i d e n t i f i e s  t h o s e  d a t a  

c h a n n e l s  which have t h e  c a p a b i l i t y  of producing  poor  q u a l i t y  d a t a .  

T h i s  r e p o r t  i s  g e n e r a t e d  each  t i m e  a c a l i b r a t i o n  of t h e  sys tem i s  

performed.  

The d a t a  q u a l i t y  a n a l y s i s  program performs f i v e  d i s t i n c t  checks  on t h e  

c a l i b r a t i o n  d a t a .  The f i v e  checks  a re  f o r  n o n - l i n e a r i t y ,  n o i s e ,  s h o r t  

term d r i f t ,  l ong  term d r i f t ,  and t h e  p r o p e r  f u n c t i o n i n g  of t h e  

c a l i b r a t o r .  The tests are  performed t o  i d e n t i f y  problems p r i o r  t o  t h e  

c o l l e c t i n g  and r e c o r d i n g  of d a t a .  



The d a t a  q u a l i t y  a n a l y s i s  program h a s  e l i m i n a t e d  i n d i v i d u a l  

i n t e r p r e t a t i o n  of d a t a  q u a l i t y  and h a s  e s t a b l i s h e d  a s t a n d a r d  se t  of 

e v a l u a t i o n  g u i d e l i n e s .  The T e s t  D i r e c t o r s  can  now make more informed 

d e c i s i o n s  r ega rd ing  t u n n e l  o p e r a t i o n s .  These d e c i s i o n s  may b e  made 

r a p i d l y  which i s  v e r y  impor t an t  due t o  t h e  h i g h  c o s t s  of c ryogen ic  

f a c i l i t y  o p e r a t i o n s .  F i n a l l y .  s i n c e  t h e  i n s t i t u t i o n  of t h e  d a t a  

q u a l i t y  r e p o r t ,  t h e  s o l u t i o n s  t o  i n s t r u m e n t a t i o n  problems t h a t  

p r e v i o u s l y  were d i f f i c u l t  t o  d e t e c t  u n t i l  a f t e r  p o s t  t e s t  p r o c e s s i n g  

w a s  completed a re  found w i t h  fewer d e l a y s .  

I 

I n t r o d u c  t i o r !  

The NTF i s  a c ryogen ic  wind t u n n e l  a t  t h e  NASA Langley Research  C e n t e r  

i n  Hampton, V i r g i n i a .  The NTF h a s  a v a r i e t y  of  d a t a  systems. The 

system addressed  h e r e  i s  a h i g h  speed d i g i t a l  d a t a  a c q u i s i t i o n  sys tem 

t h a t  i s  used t o  o b t a i n  d a t a  from thermocouples ,  p r e s s u r e  t r a n s d u c e r s ,  

p l a t inum r e s i s t a n c e  thermometers,  and s t r a i n  gages .  

Th i s  i s  an a n a l o g - t o - d i g i t a l  c o n v e r t e r  system w i t h  an  independent  

p r e a m p l i f i e r  f o r  each  d a t a  channel .  The NTF t u n n e l  sys tem i s  normal ly  

conf igu red  f o r  1 9 2  channels .  and t h e  Model P r e p a r a t i o n  Area (MPA) 

system f o r  128 channe l s .  However, if t h e  systems w e r e  f u l l y  expanded 

t h e y  coulld c o n t a i n  up t o  2048 channe l s .  The a n a l o g - t o - d i g i t a l  

c o n v e r t e r s  are of t h e  s u c c e s s i v e  approximat ion  t y p e  w i t h  a r e s o l u t i o n  

of 14  b i t s  p lus  s i g n  (516,384 c o u n t s ) .  and a t o t a l  sys tem throughput  

r a t e  of 50,000 samples p e r  second.  
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Incoming s i g n a l s  a re  a m p l i f i e d  by the p r e a m p l i f i e r  g a i n  which i s  x500 

o r  x l 0 0  f o r  low l e v e l  c a r d s  and x10 o r  x l  f o r  h i g h  l e v e l  c a r d s .  

Fol lowing p r e a m p l i f i c a t i o n .  t h e  s i g n a l  p a s s e s  th rough  a one Her tz  

f i l t e r  where t h e  m a j o r i t y  of ex t r aneous  n o i s e  i s  e l i m i n a t e d .  The 

s i g n a l  i s  t h e n  f u r t h e r  a m p l i f i e d  by s e t t i n g  a n  i n t e r n a l  Programmable 

Gain A m p l i f i e r  ( P G A ) .  I n  t h e  c u r r e n t  d a t a  a c q u i s i t i o n  system, PGA 

g a i n s  of 4 .  2. and 1 are a v a i l a b l e .  T h i s  p r o v i d e s  a measurement range  

of  5 .12  mv t o  10 .24  v f u l l s c a l e .  T h i s  r e s u l t s  i n  a system r e s o l u t i o n  

of approx ima te ly  0 .3  m i c r o v o l t s  per coun t .  It i s  c l e a r  t h e n  t h a t  w i t h  

such  r e s o l u t i o n  even a small amount of e l e c t r i c a l  n o i s e  can  r e s u l t  i n  

s i g n i f i c a n t  d a t a  con tamina t ion .  Figure 1 gives an  overview of t h e  NTF 

FILTER 

d a t a  a c q u i s i t i o n  system. 

PRE AMP 

4 

OPTION a 
c ANALOG/ 

D I G I T A L  
CONVERTER 15 

(TO MODCOMP) 

FIGURE 1, NTF DIGITAL DATA AQUlSlTlON SYSTEM OVERVIEW 
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The d a t a  system i s  c a l i b r a t e d  by t h e  computer c o n t r o l l e d  s w i t c h i n g  

between i n p u t  d a t a  and a programmable p r e c i s i o n  v o l t a g e  s o u r c e  used as  

a c a l i b r a t i o n  s t a n d a r d .  Under computer c o n t r o l  t h e  v o l t a g e  s t a n d a r d  

i s  se t  t o  a s p e c i f i c  o u t p u t  v o l t a g e .  a bank of s i x t e e n  c a l i b r a t e  

relays i s  engaged, and, a f t e r  a d e l a y .  t h e  v a l u e s  are  scanned f o r  t h e  

s i x t e e n  channe l s .  The p r o c e s s  i s  r e p e a t e d  f i v e  t imes,  a t  a d i f f e r e n t  

p e r c e n t a g e  of t h e  f u l l  sca le  v o l t a g e  each  t i m e .  The f i v e  v o l t a g e  

l e v e l s  t h a t  were chosen f o r  t h e  NTF d a t a  system are + 3 / 4  and - 3 / 4  of 

f u l l  s c a l e ,  + 3 / 8  and - 3 / 8  of f u l l  s c a l e ,  and z e r o .  The c h o i c e  of 

v o l t a g e  l e v e l s  i s  s o f t w a r e  c o n t r o l l e d  and may be  eas i ly  changed i f  

n e c e s s a r y .  Due t o  t h e  u t i l i z a t i o n  of t h e  above mentioned one Her t z  

f i l t e r s ,  i t  i s  n e c e s s a r y  t o  a l low f o r  a 2 second f i l t e r  c h a r g e  t i m e  

f o r  each  c a l i b r a t i o n  s t ep .  A f t e r  a l l  c h a n n e l s  have been scanned a t  

each  of t h e  f i v e  v o l t a g e  leve ls  a l e a s t  s q u a r e s  l i n e a r  f i t  i s  

performed.  T h i s  c a l i b r a t i o n  p r o c e s s  i s  normal ly  completed w i t h i n  

twenty minutes  o r  less, depending on t h e  number of d a t a  c h a n n e l s  t h a t  

need t o  be  c a l i b r a t e d .  

The d a t a  q u a l i t y  a n a l y s i s  program w a s  t h e  f i n a l  s t e p  i n  a series of 

m o d i f i c a t i o n s  t h a t  were made i n  t h e  c a l i b r a t i o n  p rocedures  a t  NTF. 

P rev ious  m o d i f i c a t i o n s ,  which i n c l u d e d  t h e  e l i m i n a t i o n  of t he rma l  

e f f e c t s  i n  t h e  d a t a  due t o  t h e  pro longed  c l o s u r e  of c a l i b r a t o r  relays.  

s i g n i f i c a n t l y  improved t h e  q u a l i t y  of a c q u i r e d  d a t a .  
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However. p r i o r  t o  t h e  c r e a t i o n  of the  d a t a  q u a i l i t y  a n a l y s i s  program 

t h e r e  w a s  no mechanism a v a i l a b l e  f o r  o b j e c t i v e  e v a l u t i o n  of system 

performance.  When a c a l i b r a t i o n  w a s  performed. t h e  q u a l i t y  of d a t a  

was a s u b j e c t i v e  d e t e r m i n a t i o n  based on t h e  o p i n i o n s  of v a r i o u s  

i n d i v i d u a l s .  The l a c k  of c o n c r e t e  a n a l y s i s  p rocedures  r e q u i r e d  e r r o r s  

i n  t h e  d a t a  t o  b e  of s i g n i f i c a n t  magnitude t o  be  d e t e c t e d .  Once a n  

e r r o r  w a s  d e t e c t e d .  f i n d i n g  t h e  sou rce  of t h e  problem and s o l v i n g  i t  

w a s  f r e q u e n t l y  t e d i o u s  and t i m e  consuming. 

The d a t a  q u a l i t y  r e p o r t  w a s  developed w i t h  s e v e r a l  g o a l s  i n  mind. The 

f i r s t  g o a l  w a s  t o  e s t a b l i s h  a computer d r i v e n  s y s t e m a t i c  method of 

a n a l y s i s  of c a l i b r a t i o n  d a t a .  Another o b j e c t i v e  w a s  t o  p r o v i d e  t e s t  

d i r e c t o r s  w i t h  a c o n c i s e .  comprehensive r e p o r t  s o  t h a t  d e c i s i o n s  cou ld  

be  made w i t h o u t  l ong  t i m e  d e l a y s .  F i n a l l y .  t h e  r e p o r t  would p r o v i d e  

ample i n f o r m a t i o n  about  d a t a  s o  t h a t  s o l u t i o n s  t o  i n s t r u m e n t a t i o n  

problems would be  easier and qu icke r  t o  f i n d .  

The d a t a  a n a l y s i s  methods t h a t  w i l l  b e  o u t l i n e d  i n  t h i s  paper  are f o r  

a wind t u n n e l  a p p l i c a t i o n .  however. t h e y  may be  a p p l i e d  t o  d a t a  

systems i n  o t h e r  environments .  
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Data Q u a l i t y  A n a l y s i s  

Overview of Ana lys i s  Methods 

The d a t a  q u a l i t y  a n a l y s i s  program c o n s i s t s  of f i v e  checks  t h a t  a re  

performed on t h e  d a t a  a c q u i r e d  d u r i n g  a c a l i b r a t i o n  of t h e  system. 

Each check uses  a s t a t i s t i c a l  method t o  de t e rmine  whe the r  t h e  d a t a  

o b t a i n e d  du r ing  a c a l i b r a t i o n  of t h e  d a t a  system i s  w i t h i n  

prede termined  s p e c i f i c a t i o n s .  I f  two means are  be ing  compared a one 

t a i l e d  t tes t  i s  used .  I f  two s t a n d a r d  d e v i a t i o n s  are b e i n g  compared 

a Chi-square t es t  i s  used.  The f i v e  checks  t h a t  are  performed on t h e  

d a t a  a re  f o r  n o n - l i n e a r i t y ,  n o i s e ,  s h o r t  and l o n g  term d r i f t ,  and t h e  

p r o p e r  f u n c t i o n i n g  of t h e  c a l i b r a t o r .  

The n o n - l i n e a r i t y  check per forms a l i n e a r  r e g r e s s i o n  a n a l y s i s  on t h e  

f i v e  c a l i b r a t i o n  p o i n t s  t o  de t e rmine  t h e  d e g r e e  of n o n - l i n e a r i t y .  

Th i s  check i s  used t o  de t ec t  bad c h a n n e l s  o r  c a l i b r a t o r  re lays ,  ADC 

problems,  o r  b i t  d ropping  o r  s e t t i n g  i n  t h e  d a t a  system. The n o i s e  

check u s e s  a Chi-square tes t  t o  compare t h e  s t a n d a r d  d e v i a t i o n  of t h e  

d a t a  samples t o  t h e  m a n u f a c t u r e r ' s  s p e c i f i c a t i o n s  t o  de t e rmine  i f  t h e  

n o i s e  l e v e l  is  e x c e s s i v e .  

Excess ive  n o i s e  may b e  caused by i n t e r f a c e  problems o r  improper  

grounding o r  s h i e l d i n g .  The l o n g  and s h o r t  term d r i f t  checks  compare 

c u r r e n t  d a t a  t o  p r e v i o u s  d a t a  t o  d e t e c t  e x c e s s i v e  d r i f t i n g .  D r i f t  

problems may be caused by t e m p e r a t u r e  v a r i a t i o n s ,  g rounding  o r  
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s h i e l d i n g  problems,  o r  a PGA f a i l u r e .  F i n a l l y ,  a check f o r  t h e  p r o p e r  

f u n c t i o n i n g  of t h e  c a l i b r a t o r  i s  made t o  i d e n t i f y  any c a l i b r a t o r  z e r o  

o f f s e t  . 

Non-Lineari ty  Check 

N o n - l i n e a r i t y  i s  a measure of how t h e  a c t u a l  i npu t - to -ou tpu t  

performance f o r  a d e v i c e  d e v i a t e s  from a n  i d e a l  l i n e a r  

r e l a t i o n s h i p .  (2) 

The concept  of an i d e a l  l i n e a r  r e l a t i o n s h i p  i m p l i e s  t h a t  t h e r e  are  

c e r t a i n  d a t a  v a l u e s  t h a t  should  be  r e c e i v e d  eve ry  t i m e  a c a l i b r a t i o n  

of t h e  d a t a  system i s  performed. I n  t h e  d a t a  q u a l i t y  a n a l y s i s  program 

t h e s e  v a l u e s  are known as expec ted  v a l u e s .  A s  Tab le  2 shows. t h e  

expec ted  v a l u e s  f o r  t h e  n o n - l i n e a r  example shown i n  F i g u r e  2 are 0 mV, 

100 mV. and 200 mV. Fo r  i l l u s t r a t i o n  pu rposes ,  t h i s  example i s  based  

on a t h r e e  p o i n t  c a l i b r a t i o n .  A t  NTF, a f i v e  p o i n t  c a l i b r a t i o n  i s  

performed because  f i v e  p o i n t s  p rov ide  a more a c c u r a t e  check of 

l i n e a r i t y .  The numbers i n  the Actua l  Values  column r e p r e s e n t  t h e  

v a l u e s  t h a t  were a c t u a l l y  scanned when t h e  c a l i b r a t i o n  w a s  performed.  

These v a l u e s  are  100 mV, 220 mV, and 280 mV. A s  F i g u r e  2 i l l u s t r a t e s ,  

t h e r e  i s  a z e r o  o f f s e t  of 1OOmV. Th i s  means t h a t  each  of t h e  p o i n t s  

i n  t h e  Ac tua l  Values  column are i n a c c u r a t e  by a v a l u e  of 100 mV. The 

numbers i n  t h e  P r e d i c t e d  Values  column r e p r e s e n t  t h e  d a t a  p o i n t s  t h a t  

would have been o b t a i n e d  if t h e r e  had n o t  been a z e r o  o f f s e t  of 100 
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mv. As s t a t e d  above, t h e  v a l u e s  t h a t  were expec ted  i f  t h e  c a l i b r a t i o n  

had y i e l d e d  r e s u l t s  t h a t  were p e r f e c t l y  l i n e a r  were 1OOmV and 200mV. 

T h i s  i n d i c a t e s  t h a t  t h e  system e x h i b i t e d  an  e r r o r  i n  l i n e a r i t y  of 20 

mV . 

> 
E 
Z 
H 

w a a 
_I 
0 > 
n 
w 
I- o 

200 
180 

120 
100 

L i near  i t y 
E r r o r  

0 

L i  n e a r  i t y 
E r r o r  - - - - - -  

/ 
0 

100 
220 280 

200 

UNCORRECTED VOLTAGE I N  M v  

FIGURE 2, NON-LINEARITY CHECK 
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Expected 

Values  

0 mV 

100 mV 

200 mV 

Actual  P r e d i c t e d  

( Scanned 1 ( C a l c u l a t e d )  

Values Values  

100 mV 0 mV 

220 mV 120 mV 

280 mV 180 mV 

The v a l u e s  i n  t h e  p r e d i c t e d  column a r e  computed by per forming  a l i n e a r  

r e g r e s s i o n  a n a l y s i s .  The s l o p e  ( b )  f o r  t h e  l i n e  t h a t  i s  formed u s i n g  

t h e  a c t u a l  v a l u e s  t h a t  were obta ined  i n  t h e  c a l i b r a t i o n  w a s  c a l c u l a t e d  

u s i n g  t h e  fo l lowing  formula:  

where x = Expected Value 

y = Actua l  Value 
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The i n t e r c e p t  ( a )  f o r  t h e  l i n e  t h a t  i s  formed from t h e  v a l u e s  

o b t a i n e d  from t h e  c a l i b r a t i o n ,  w a s  c a l c u l a t e d  u s i n g  t h e  formula:  

where y = Actua l  Value 

n = 50 samples of d a t a  ( 2 )  

b = Slope [from ( 1 1 1  
CY - bCx 

n a =  

The p r e d i c t e d  v a l u e s  (x') are computed u s i n g  t h e  formula:  

where y = Actua l  Value Y -a x' = - b 
b = Slope [from ( 1 1 1  

a = I n t e r c e p t  [from (211 

The n o n - l i n e a r i t y  e r r o r  i s  o b t a i n e d  by s u b t r a c t i n g  t h e  expec ted  v a l u e  

from t h e  p r e d i c t e d  v a l u e .  

For  a channel  t o  pass t h e  n o n - l i n e a r i t y  check, any n o n - l i n e a r i t y  e r r o r  

must f a l l  w i t h i n  a t o l e r a n c e  t h a t  w a s  computed u s i n g  t h e  t h r e e  

components i n  the  fo l lowing  formula:  

To le rance  = (FSV(Error1)  + U n c e r t a i n t y  of Discrete System 

The f irst  component i s  t h e  f u l l  sca le  v a l u e  (FSV) which i s  516,384 

c o u n t s .  The second f a c t o r  i s  t h e  n o n - l i n e a r i t y  e r r o r  ( E r r o r )  l i s t e d  

i n  t h e  s p e c i f i c a t i o n s  f o r  t h i s  system. The f i n a l  component r e p r e s e n t s  
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t h e  u n c e r t a i n t y  imposed by t h e  use  of a d i s c r e t e  system. Each d a t a  

p o i n t  c o n t a i n s  an  u n c e r t a i n t y  of one count  because  t h e  r e s o l u t i o n  of 

t h e  system i s  one coun t .  

p o i n t s  w i l l  produce a s h i f t  i n  t h e  o f f s e t  of 1 / 5 .  

p o i n t  i s  i t s  v a l u e  minus t h e  o f f s e t  which i s  1-1/5. 

added t o  t h e  product  of t h e  f u l l  s c a l e  v a l u e  and t h e  n o n - l i n e a r i t y  

e r r o r  l i s t e d  i n  t h e  s p e c i f i c a t i o n s  t o  g e t  t h e  f i n a l  n o n - l i n e a r i t y  

t o l e r a n c e .  

However, a v a r i a t i o n  f o r  one of t h e  f i v e  

The e r r o r  f o r  t h a t  

Th i s  e r r o r  i s  

Noise Check 

Noise i s  d e f i n e d  as any ex t r aneous  o r  unwanted s i g n a l  which 

con tamina te s  measurement. ( 2 )  

t h e  n o i s e  check de t ec t s  any e x t e r n a l  n o i s e  t h a t  i s  a f f e c t i n g  t h e  d a t a .  

There are two p o t e n t i a l  sou rces  of n o i s e  i n  t h e  NTF d a t a  a c q u i s i t i o n  

system, t h e  n o i s e  gene ra t ed  by the c a l i b r a t o r  and the n o i s e  gene ra t ed  

w i t h i n  t h e  d a t a  a c q u i s i t i o n  system i t s e l f .  A s  p r e v i o u s l y  s t a t e d ,  each  

t i m e  a c a l i b r a t i o n  of t h e  system i s  performed, f i f t y  samples of d a t a  

are  read and averaged a t  + 3 / 4  and - 3 / 4  of f u l l  scale ,  + 3 / 8  and - 3 / 8  of 

f u l l  s c a l e  and a t  z e r o .  

each of t h e  f i v e ,  f i f t y  sample  r ead ings .  

n o i s e  check, each of t h e  f i v e  s tandard  d e v i a t i o n s  must f a l l  w i t h i n  a 

t o l e r a n c e  t h a t  i s  a c c e p t a b l e  f o r  t h i s  system. 

w a s  used t o  compute t h e  maximum system s t a n d a r d  d e v i a t i o n  t h a t  i s  

a c c e p t a b l e  f o r  t h i s  system. 

I n  t he  d a t a  q u a l i t y  a n a l y s i s  program, 

A s t anda rd  d e v i a t i o n  i s  t h e n  computed f o r  

For  a channel  t o  pass the 

A p r e c i s i o n  e r r o r  i ndex  

Th i s  index,  combined w i t h  t h e  rioise. 
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s p e c i f i c a t i o n  l i s t e d  by t h e  c a l i b r a t o r  manufac tu re r  r e p r e s e n t s  t h e  

t o l e r a n c e  v a l u e  used i n  t h e  n o i s e  t e s t .  

used t o  e s t a b l i s h  a conf idence  i n t e r v a l  f o r  t h e  s t a n d a r d  d e v i a t i o n s  

t h a t  are  r o u t i n e l y  c a l c u l a t e d  each  t i m e  a c a l i b r a t i o n  of t h e  system i s  

performed. 

A Chi-square d i s t r i b u t i o n  w a s  

P r e c i s i o n  errors a re  random e r r o r s  caused p r i m a r i l y  by n o i s e .  

s p e c i f i c a t i o n s  f o r  e lements  which can  o p e r a t e  a t  d i f f e r e n t  g a i n  l e v e l s  

may b e  r epor t ed  as Relat ive t o  I n p u t  ( R T I ) .  Relat ive t o  Output (RTO) 

o r  a combinat ion of t h e s e  two. The e q u a t i o n  f o r  t h e  p r e c i s i o n  index  

(SI f o r  t h i s  p a r t i c u l a r  system i s  as f o l l o w s :  

Noise 

where el = Noise (RTI) f o r  Inpu t  P r e a m p l i f i e r  

e2 = Noise (RTO) f o r  I n p u t  P r e a m p l i f i e r  

= Noise (RTI) f o r  Programmable Gain Ampl i f i e r  

e4 = Noise (RTO) f o r  Programmable Gain Ampl i f i e r  

GI = Preamp Gain 

G2 = PGA Gain 

e3 

A s  shown i n  F igu re  3. t h e  term el r e p r e s e n t s  t h e  n o i s e  p r e s e n t  a t  t h e  

i n p u t  t o  t h e  p r e a m p l i f i e r  and e2 r e p r e s e n t s  t h e  n o i s e  g e n e r a t e d  a t  t h e  

o u t p u t  of t h e  p r e a m p l i f i e r .  The term e3 r e p r e s e n t s  t h e  n o i s e  

1 2  



g e n e r a t e d  a t  t h e  i n p u t  t o  t h e  programmable g a i n  a m p l i f i e r  and e4 

r e p r e s e n t s  t h e  n o i s e  g e n e r a t e d  a t  t he  o u t p u t  of t h e  programmable g a i n  

a m p l i f i e r  . 

- 

PREAMP G A I N  PGA 

TO 
ADC 

FILTER 

FIGURE 3, PRECISION ERRORS FOR NOISE CHECK 

I 

AS s t a t e d  above, t h e  o t h e r  component which i n t r o d u c e s  n o i s e  i n t o  the 

d a t a  a c q u i s i t i o n  sys t em i s  t h e  programmable p r e c i s i o n  v o l t a g e  s o u r c e  

used  as a c a l i b r a t o r .  The m a n u f a c t u r e r ' s  s p e c i f i c a t i o n s  f o r  t h e  

c a l i b r a t o r  used l i s t s  2.75 uv of w i d e  band n o i s e  on t h e  r ange  used  t o  

c a l i b r a t e  low l e v e l  c h a n n e l s  and 27.5 uv of wide band n o i s e  on t h e  

r ange  used  t o  c a l i b r a t e  h i g h  leve l  channe l s .  
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I n  o r d e r  t o  compute a conf idence  i n t e r v a l  f o r  t h e  s t a n d a r d  d e v i a t i o n s  

t h a t  a r e  r o u t i n e l y  c a l c u l a t e d  each  t i m e  a c a l i b r a t i o n  of t h e  system i s  

performed,  the  fo l lowing  Chi-square s t a t i s t i c  w a s  used:  

x2 I + n-1 s2 
( 5  1 

where n = 50 samples 

of d a t a  

T h i s  may be  t ransformed i n t o  t h e  f o l l o w i n g :  

s 5 U G  
where n = 50 

i The v a l u e  f o r  t h e  v a r i a b l e  X2 w a s  computed from a Chi-square 

d i s t r i b u t i o n  table  f o r  f o r t y  n i n e  d e g r e e s  of freedom a t  a c o n f i d e n c e  

l e v e l  of .995.  The v a r i a b l e  0 r e p r e s e n t s  t h e  system s t a n d a r d  

d e v i a t i o n  which w a s  computed u s i n g  a p r e c i s i o n  e r r o r  i ndex  as  o u t l i n e d  

above. 

The t o t a l  system n o i s e  i s  t h e  s q u a r e  r o o t  of t h e  sum of t h e  s q u a r e s  of 

t h e  n o i s e  from t h e  c a l i b r a t o r  and t h e  n o i s e  from t h e  p r e c i s i o n  i n d e x  

c a l c u l a t e d  above. T h i s  v a l u e  i s  t h e n  m u l t i p l i e d  by t h e  Chi-square 

d i s t r i b u t i o n  s t a t i s t i c  t o  o b t a i n  t h e  o v e r a l l  t o l e r a n c e  f o r  t h e  n o i s e  

check.  See Appendices C and D f o r  a l i s t  of t h e  m a n u f a c t u r e r ' s  

s p e c i f i c a t i o n s  and t h e i r  a p p l i c a t i o n s  i n  computing t o l e r a n c e s  f o r  t h e  

n o i s e  check. 

~ 
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Shor t  Term D r i f t  Check 

The s h o r t  t e r m  d r i f t  check d e t e c t s  s h i f t s  i n  the d a t a  d u r i n g  s h o r t  

p e r i o d s  of t i m e .  I n  o r d e r  t o  d e t e c t  s h o r t  term d r i f t ,  c a l i b r a t i o n s  

a re  normal ly  performed a t  t h e  beginning  of each  e i g h t  hour  s h i f t .  A 

p o r t i o n  of  t h e  d a t a  from t h e  c u r r e n t  c a l i b r a t i o n  i s  t h e n  compared t o  

i d e n t i c a l  d a t a  from t h e  p r e v i o u s  c a l i b r a t i o n .  If t h e  d i f f e r e n c e  

between t h e  two sets of d a t a  does  not  f a l l  w i t h i n  a prede termined  

t o l e r a n c e  r ange ,  t h e  channe l  has  f a i l e d  t h e  s h o r t  term d r i f t  check.  

The d a t a  used f o r  comparison of s h o r t  term d r i f t  i s  t h e  averaged  v a l u e  

o b t a i n e d  from t h e  f i f t y  samples of  d a t a  r ead  when t h e  c a l i b r a t o r  i s  

set  t o  z e r o .  Each t i m e  a c a l i b r a t i o n  i s  performed,  t h i s  s e t  of d a t a  

i s  r e t a i n e d  on d i s k  t o  be  compared w i t h  t h e  d a t a  o b t a i n e d  from t h e  

n e x t  c a l i b r a t i o n .  

The o n l y  s p e c i f i c a t i o n  f o r  d r i f t  l i s t e d  by t h e  manufac tu re r  of t h e  NTF 

d a t a  a c q u i s i t i o n  system was f o r  a s ixty day p e r i o d .  T h e r e f o r e ,  t h e  

t o l e r a n c e  v a l u e  used i n  t h e  s h o r t  term d r i f t  check w a s  developed by 

obse rv ing  and e v a l u a t i n g  t h i s  p a r t i c u l a r  system o v e r  a t h r e e  week t i m e  

p e r i o d .  The maximum amount of d r i f t  observed  on a d a i l y  bas i s  d u r i n g  

t h i s  t i m e  p e r i o d  w a s  about  3.751117 on a 5mv f u l l  s c a l e  r ange .  Fo r  a 

channe l  t o  pass t h e  s h o r t  t e r m  d r i f t  check ,  t h e  averaged  value 

o b t a i n e d  from t h e  f i f t y  samples of d a t a  r e a d  when t h e  c a l i b r a t o r  i s  

set  t o  z e r o  must n o t  d i f f e r  from t h e  p r e v i o u s  d a y ’ s  r e a d i n g  by more 

t h a n  3 . 7 5 ~ ~ .  
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Long Term D r i f t  Check 

The long  term d r i f t  check d e t e c t s  s h i f t s  i n  t h e  d a t a  d u r i n g  a s i x t y  

day  t i m e  p e r i o d .  

term d r i f t  s p e c i f i c a t i o n  l i s t e d  by t h e  manufac tu re r  of t h e  d a t a  

a c q u i s i t i o n  s y s t e m  i s  f o r  a p e r i o d  of s ix ty  days .  

A s i x t y  day t i m e  p e r i o d  w a s  chosen because  t h e  l o n g  

B e f o r e  a model tes t  i s  begun, a l l  d a t a  a c q u i s i t i o n  c h a n n e l s  are  

manual ly  r e s e t  t o  z e r o .  

used  t o  de te rmine  a conf idence  i n t e r v a l  f o r  l ong  te rm d r i f t .  

s o l i d  l i n e  r i s i n g  th rough  t h e  middle  of t h e  c u r v e  r e p r e s e n t s  t h e  

m a n u f a c t u r e r ' s  s p e c i f i c a t i o n s  f o r  l ong  t e r m  d r i f t .  

w i t h  t h e  c a l i b r a t o r  se t  t o  z e r o  must f a l l  w i t h i n  t h r e e  s t a n d a r d  

d e v i a t i o n s  of t h e  m a n u f a c t u r e r ' s  s p e c i f i c a t i o n s  f o r  t h e  d a t a  

a c q u i s i t i o n  sys t em t o  remain w i t h i n  t o l e r a n c e .  

l ong  t e r m  d r i f t  check were de termined  by u s i n g  t h e  m a n u f a c t u r e r ' s  

s p e c i f i c a t i o n s  t o  c a l c u l a t e  a b i a s  e r r o r .  Bias e r r o r s  are  f i x e d  

e r r o r s  t h a t  c o n t r i b u t e  t o  t h e  d i f f e r e n c e  between t h e  t r u e  v a l u e  and 

the average v a l u e  of many r e p e a t e d  r e a d i n g s .  

A s  shown i n  F i g u r e  4 ,  a o n e - t a i l e d  t tes t  w a s  

The 

The v a l u e s  r e a d  

The t o l e r a n c e s  f o r  t h e  

FIGURE 4, ONE-TAILED T TEST FOR LONG TERM DRIFT 
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A b i a s  l i m i t  ( B )  i s  d e f i n e d  as t h e  squa re  r o o t  of t h e  sum of t h e  

s q u a r e s  of a l l  known e l emen ta l  b i a s  e r r o r s .  

B = 4bl2 + b22 + b; + b,2 + b, 2 ( 7 )  

where bl = Gain S t a b i l i t y  

b2 = L i n e a r i t y  

b3 = Zero S t a b i l i t y  

b4 = Zero D r i f t  

b5 = Common Mode R e j e c t i o n  

A s  shown i n  t h e  e q u a t i o n  above, t h e r e  are  f i v e  known e l e m e n t a l  b i a s  

e r r o r s  f o r  t h i s  d a t a  a c q u i s i t i o n  system. 

s t a b i l i t y ,  n o n - l i n e a r i t y ,  z e r o  s t a b i l i t y ,  z e r o  d r i f t ,  and common mode 

r e j e c t i o n .  

f o r  t h e  d a t a  a c q u i s i t i o n  system and t h e  c a l i b r a t o r .  

s o u r c e s  of e r r o r  have been measured and do n o t  appear t o  a p p r e c i a b l y  

c o n t r i b u t e .  The re fo re ,  t h e s e  o t h e r  s o u r c e s  of e r r o r  were n o t  t a k e n  

i n t o  accoun t .  

These e r r o r s  are  g a i n  

It  i s  impor t an t  t o  n o t e  t h a t  t h e s e  f i v e  e r r o r s  a re  j u s t  

Other  p o s s i b l e  

The e r r o r  i n t r o d u c e d  by g a i n  s t a b i l i t y  i s  t h e  amount of e r r o r  t h a t  

w i l l  o c c u r  a f t e r  a m p l i f i c a t i o n ,  due p r i m a r i l y  t o  f l u c t u a t i o n s  i n  

t e m p e r a t u r e .  N o n - l i n e a r i t y  is  a measure of how t h e  a c t u a l  i npu t - to -  

o u t p u t  performance f o r  a d e v i c e  d e v i a t e s  from a n  i d e a l  l i n e a r  

r e l a t i o n s h i p . ( 2 )  

from t h e  p r e a m p l i f i e r ,  and t h e  a n a l o g - t o - d i g i t a l  c o n v e r t e r .  T h i s  

There are  two s o u r c e s  of l i n e a r i t y  e r r o r ,  t h e  e r r o r  
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l i n e a r i t y  component r e p r e s e n t s  t h e  m a n u f a c t u r e r ' s  s p e c i f i c a t i o n  f o r  

l i n e a r i t y  and i s  u n r e l a t e d  t o  t h e  n o n - l i n e a r i t y  check t h a t  w a s  

o u t l i n e d  p r e v i o u s l y .  Zero s t a b i l i t y  and z e r o  d r i f t  r e fe r  t o  t h e  

amount of d r i f t  away from a n  e s t a b l i s h e d  z e r o  t h a t  w i l l  occu r  

p r i m a r i l y  due t o  t e m p e r a t u r e  induced f l u c t u a t i o n s  i n  t h e  p r e a m p l i f i e r  

and programmable g a i n  a m p l i f i e r .  I n a c c u r a c i e s  due t o  t e m p e r a t u r e  

changes are t h e  e r r o r s  l i s t e d  i n  t h e  m a n u f a c t u r e r ' s  s p e c i f i c a t i o n s  f o r  

t h e  d a t a  a c q u i s i t i o n  system. 

Common Mode R e j e c t i o n  i s  a measure of t h e  a b i l i t y  of a d i f f e r e n t i a l  

d e v i c e  t o  d i s c r i m i n a t e  a g a i n s t  v o l t a g e s  common t o  b o t h  i n p u t  l e a d s .  

E f f e c t i v e l y ,  Common Mode R e j e c t i o n  r e f e r s  t o  t h e  amount of sys tem 

n o i s e  t h a t  a d a t a  system can  i n h e r e n t l y  compensate f o r  and remove. 

( 2 )  

A t  t h e  beginning  of each  model tes t  a z e r o  b a s e l i n e  i s  e s t a b l i s h e d  by 

a d j u s t i n g  t h e  z e r o  o f f s e t  f o r  each  c a r d .  

t e s t .  a z e r o  o f f s e t  check i s  performed and compared t o  t h e  e s t a b l i s h e d  

b a s e l i n e .  The z e r o  o f f s e t  is o b t a i n e d  from a f i f t y  sample ave rage  

t a k e n  w i t h  t h e  c a l i b r a t o r  s e t  t o  z e r o .  For  a channe l  t o  pass t h e  l o n g  

term d r i f t  check, t h e  averaged v a l u e  w i t h  t h e  c a l i b r a t o r  s e t  t o  z e r o  

must n o t  d e v i a t e  by a v a l u e  l a rge r  t h a n  the c a l c u l a t e d  t o l e r a n c e  f o r  

t h a t  channe l .  See Appendices A and B f o r  a l i s t  of t h e  m a n u f a c t u r e r ' s  

s p e c i f i c a t i o n s  f o r  t h i s  p a r t i c u l a r  d a t a  a c q u i s i t i o n  system and t h e i r  

a p p l i c a t i o n s  i n  c a l c u l a t i n g  b i a s  e r r o r s  f o r  t h e  l o n g  term d r i f t  check.  

During t h e  l i f e t i m e  of t h e  

18 



-- Proper  Func t ion ing  of t h e  C a l i b r a t o r  

The f i n a l  check performed i s  t o  ensure  t h a t  t h e  c a l i b r a t o r  i s  

o p e r a t i n g  c o r r e c t l y .  The d a t a  f o r  t h i s  check i s  provided  v i a  e i g h t  

d a t a  c h a n n e l s ,  two p e r  p r e a m p l i f i e r  g a i n ,  w i t h  t h e  i n p u t  t o  each  

channe l  having  s i g n a l  h igh ,  s i g n a l  low, and guard s h o r t e d  t o g e t h e r  a t  

t h e  a m p l i f i e r .  These c h a n n e l s  a r e  known as r e f e r e n c e  channe l s .  na ta  

i s  r e a d  from t h e  r e f e r e n c e  channel  once w i t h  t h e  c a l i b r a t o r  t u r n e d  o f f  

and t h e n  a g a i n  w i t h  t h e  c a l i b r a t o r  s e t  t o  z e r o .  T h e o r e t i c a l l y ,  due t o  

t h e  p r e s e n c e  of t h e  s h o r t e d  i n p u t s ,  a v a l u e  of z e r o  should  be  r e a d  on 

each  channe l  when t h e  c a l i b r a t o r  i s  t u r n e d  o f f .  A c a l i b r a t o r  o f f s e t  

i s  o b t a i n e d  by s u b t r a c t i n g  t h i s  v a l u e  from t h e  v a l u e  r e a d  when t h e  

c a l i b r a t o r  w a s  se t  t o  z e r o .  T h i s  o f f s e t  must be  w i t h i n  a 

prede termined  t o l e r a n c e  t o  e n s u r e  t h a t  t h e  c a l i b r a t o r  i s  o p e r a t i n g  

c o r r e c t l y .  

The t o l e r a n c e  f o r  t,.e c a l i b r a t o r  was c a l c u l a t e d  u s i n g  a conf idence  

l i m i t .  The f o l l o w i n g  formula  w a s  used: 

I n  t h e  formula  above al r e p r e s e n t s  t h e  n o i s e  i n t r o d u c e d  by t h e  d a t a  

a c q u i s i t i o n  system and u2 r e p r e s e n t s  t h e  wide band n o i s e  i n t r o d u c e d  by 

t h e  c a l i b r a t o r .  The v a r i a b l e  za - has  a v a l u e  of t h r e e .  The number 

t h r e e  w a s  chosen because  t h e  conf idence  l i m i t  i m p l i e s  t h a t  t h e  

c a l i b r a t o r  o f f s e t s  should  l i e  w i t h i n  t h r e e  s t a n d a r d  d e v i a t i o n s  of t h e  

2 
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t o l e r a n c e  v a l u e  c a l c u l a t e d .  The t e r m  (GI - r e p r e s e n t s  t h e  n o i s e  

s p e c i f i c a t i o n s  s u p p l i e d  by t h e  manufac tu re r  of t h e  c a l i b r a t o r .  

-- Summary of R e s u l t s  

The d a t a  q u a l i t y  a n a l y s i s  program has  had many p o s i t i v e  e f f e c t s  i n  t h e  

area of d a t a  a c q u i s i t i o n  a t  NTF. The g e n e r a t e d  r e p o r t  i s  r e t a i n e d  on 

a t e s t - b y - t e s t  b a s i s  and p r o v i d e s  a h i s t o r y  of d a t a  q u a l i t y  from t h e  

system. A w e l l  d e f i n e d  se t  of c r i t e r i a  has  been e s t a b l i s h e d  and i s  

now u t i l i z e d  on a d a i l y  b a s i s  t o  i d e n t i f y  d a t a  c h a n n e l s  which would 

produce poor  q u a l i t y  d a t a .  The i n s t i t u t i o n  of a s t r i c t  se t  of 

g u i d e l i n e s  t o  e v a l u a t e  d a t a  h a s  a l s o  e l i m i n a t e d  i n d i v i d u a l  

i n t e r p r e t a t i o n .  The method f o r  e v a l u a t i n g  d a t a  q u a l i t y  h a s  proven  t o  

be extremely e f f e c t i v e  i n  d e c i s i o n  making and i d e n t i f y i n g  problems.  

The d a t a  a c q u i s i t i o n  system h a s  remained w i t h i n  t h e  c a l c u l a t e d  

t o l e r a n c e s  except  f o r  p e r i o d s  when l e g i t i m a t e  problems were p r e s e n t .  

T e s t  d i r e c t o r s  a t  NTF are now a b l e  t o  make d e c i s i o n s  r e g a r d i n g  t u n n e l  

o p e r a t i o n s  i n  a more informed and e x p e d i e n t  manner. 

Due t o  t h e  d a t a  q u a l i t y  a n a l y s i s  program, problems w i t h  

i n s t r u m e n t a t i o n  a re  much easier  t o  s o l v e .  For  example, m a l f u n c t i o n s  

due t o  bad c a l i b r a t o r  relays are  much easier  t o  i d e n t i f y .  Thus, bad 

relays are now r e p l a c e d  b e f o r e  n e g a t i v e l y  a f f e c t i n g  t h e  q u a l i t y  of t h e  

d a t a .  O the r  problems t h a t  t h e  program w a s  a b l e  t o  i d e n t i f y  i n c l u d e  

d e f e c t i v e  cables which caused  h i g h  n o i s e  l e v e l s ,  and a h i g h  ambient  

humid i ty  l e v e l  which induced l i n e a r i t y  and d r i f t  e r r o r s .  
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F i n a l l y .  t h e  d a t a  q u a l i t y  program has  p o i n t e d  o u t  i n a c c u r a c i e s  i n  t h e  

c a l i b r a t o r  t h a t  i s  c u r r e n t l y  be ing  used .  It has  been d i s c o v e r e d  t h a t  

t h e  d a t a  a c q u i s i t i o n  system i s  now as a c c u r a t e  as t h e  c a l i b r a t o r  

i t s e l f .  A s  a r e s u l t .  i t  has  been de termined  t h a t  a new c a l i b r a t o r  i s  

n e c e s s a r y .  The re fo re .  numerous c a l i b r a t o r s  from s e v e r a l  d i f f e r e n t  

m a n u f a c t u r e r ' s  are be ing  e v a l u a t e d .  

Bias E r r o r  S p e c i f i c a t i o n s  f o r  Data A c q u i s i t i o n  S y s t e m  

Gain S t a b i l i t y  - bl 

S p e c i f i c a t i o n :  - +0.01% 2 0.002% / C 

Temperature  - +3OC 

bl = 0.01% + 3(0.002%) 

= 0.016% 

L i n e a r i t y  - b2 

A m p l i f i e r  E r r o r :  0.02% 

ADC E r r o r  0.006% 

b2 = 0.02% + 0.006% 

= 0.026% 
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- Zero s t a b i l i t y  - b3 

Low Level :  

High Level :  150uv RTO 

4uv RTI  + 15uv RTO 

- Zero D r i f t  - b4 

Low Level :  

High Level :  25uv RTO / O C  

l uv  + 15uv RTO / O C  

- Common Mode Voltage - b5 

CIW = 1 V o l t  

CMR = 66db + gain  

= 66db + 40db 

= 106db 



Appendix B 

D e r i v a t i o n  of Long Term D r i f t  T e s t  Tolerance  f o r  5mv Channel 

B = 4 b: + b: t b; + b: + b$ 

Gain S t a b i l i t y  ( b l )  = 0.01% + 3(0.002%) = 0.016% 

L i n e a r i t y  ( b 2 )  = 0.02% + 0.006% = 0.026% 

- Zero S t a b i l i t y  ( b 3 )  

Vin = 5.12mv 

= 1ov Vout  
b3 = 4 x 10 -6 + 15 x 

-3 
5 .12  x 10 10  

= .078% 

Zero D r i f t  ( b 4 )  

Vin = 5.12mv 

= 1ov Vou t  
b4 = 1 x 10 -6 + 3 15 x 

-3 
5 - 1 3 .  x 10 10 

= 0.020% 
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Common Mode R e j e c t i o n  ( b 5 )  

-6 b5 = 1 x 10 
-3 

5.12  x 1 0  

= 0.020% 

B = .I (.016)2 + (.026), + (.078), + (.020), + (.020)2 

Appendix C 

P r e c i s i o n  E r r o r  S p e c i f i c a t i o n s  f o r  Data A c q u i s i t i o n  S y s t e m  

2 2 E r r o r  = 4 S: t S22 t S ,  t S ,  

S1 = elG1G2 

S 2 = e G  2 2  

S3 = e 3 G 2  

S4 = e4 

el = Noise Rela ted  t o  I n p u t  (preamp) l u v  

e2 = Noise Rela ted  t o  Output  (preamp) 50uv 

= Noise Rela ted  t o  I n p u t  (PGA)  20uv 

e4 = Noise Rela ted  t o  Output  (PGA) 1.25mV 
e3 
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Appendix D 

D e r i v a t i o n  of Noise T e s t  Tolerances  f o r  5mV Channel 

Determine : 

E r r o r  = * I S :  + S: + S$ t S: 

S 1 = e G G  

S2 = e 2 G 2  

S3 = e3G2 

S4 = e4 

1 1 2  

G1 = 500 (PreAmp Gain)  

G2 = 4 (PGA) 

el = l u v  

e2 = 50uv 

e3 = 20uv 

e4 = 1250uv 

E r r o r  = '4 (1x500~4)~ t (50~4)~ t ( 2 0 ~ 4 ) ~  t (1250)2 
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